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I .  

Ctnear Estimators of the Export Employment M u l t i p l i e r  

by Edwin F. Terryk 

The idea i n  m u l t i p l i e r  models i s  t o  regard certain types o f  spending 

as a determinant o f  other spending. 

from the change i n  determinant spending 1s the income m u l t l p i i e r  concept. 

The r a t l o  o f  the t o t a l  spending derived 

The employment mu l t ip l ie r  i s  the r a t i o  o f  the employment changes accom- 

panying the t o t a l  and determinant spending changes. 

This paper i s  a c l a r i f i c a t i o n  of the assumptions imp l i c i t  In  e s t i -  

mators frequently used i n  making estimates of the aggregate export employ- 

ment mu l t ip l ie r  f o r  urban economies. 

t o  include trade o f  a subnationai region w w t h e  rest o f  the nation as 

The terms export and import are used 

well as wi th foreign countries. The pr incipal  innovator o f  t h i s  employ- 

ment m u l t i p l i e r  i n  concept and practice was Homer Hoyt.l/ 

l i t e r a t u r e  concerning the export employment mu l t ip l ie r  uses the word 

fluch o f  the 

basic as a rough synonym f o r  export. 

investment M u l t i p l i e r  

The f i r s t  thing that w i l l  be established i n  developing an export 

employment m u l t l p l l e r  model i s  i t s  monetary mechanism, the investment 

mul t ip l ier .  

investment mu1 t i p l  i e r  , gross regionai product produced {Giiiipj w i  i i be 

broken down i n  a s impl i f ied fashion twice, once by f i n a l  demand categories 

To derive the investment t o  be used i n  conjunction wi th the 

and once by income payments. The derivation o f  t h i s  investment w i l l  be 

seen t o  be invariant t o  the use o f  gross regional product produced or received. 

* Part o f  t h i s  paper was done as a d issertat ion under Professor Gerhard 
Tintner o f  Iowa State Universlty. The remainder was made possible by a 
grant t o  Washington University, Department o f  Economics, from the National 
Aeronautics and Space Adminlstration. 

1. 
Land Economics, Vol. 41, May, 1954, pp. 173-198. 

Hoyt, Homer. "Homer Hoyt on Development o f  Economic Base Concept." 
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By f t n a l  demand cotogorjes, GRPp i s  composed o f  consumptton (C) 

plus investment ( I  I )  plus regional government (GI). fnvestment 1s composed 

o f  

9 gross pr ivate capital formation (GPCP') 
+ tnventory add i t ions ( inv add) - inventory depletions ( inv dep) 
+ exports (E 9 - imports (M) 

It i s  the omission o f  net in-area factor owner income f low i n  investment 

( 1 ' )  which causes these components t o  sum t o  the production, rather than 

the receipt o f  gross regional product. Gross pr ivate capi ta l  formation 

(GPCF') relates t o  a l l  real capital formation by the pr ivate sector located 

w i th in  the region. Exports (El) here conslst o f  a l l  pr ivate sector sales 

t o  nonresidents and business and government establishments not located i n  

the region. Imports (M) include a l l  imports by residents and regional 

establishments, Regional government i s  a l l  nontransfer expenditures by 

loca l ,  state and federal government establ ishments located i n  the region. z/ 
Gross regional product produced on a s impl i f ied income payments basis 

i s  equal t o  the fol lowing sum: 

Net personal savings 
+ out-area g i f t s  by residents 
+ consumption 

= Dlsposable income 
+ persona? taxes 

abbreviation 
MPS 
out T f  
C 

= Personal income 
+ a l l  out-area factor owner flow out f l o  - in-area factor owner flow t o  residents i n  Flo - in-area g i f t s  t o  residents - a l l  government transfer payments t o  residents 
+ business social security taxes Tx 
-c net corporate saving NC 
+ corporate p r o f i t s  tax 

i n  T f  
govt Tf  

TX3 

2. For a discussion o f  the regional government account, see: Burkhead, 
Jesse. I8PublIc Finance as an Integral Part o f  Regional Accounts.I8 In: 
Elements of Reqional Accounts. Werner Hlrsch, editor. Johns Hopkins 
Press. Baltimore, Md. 1964. pp. 60-65. 
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Regional factor income produced 
Indirect  business tax 

Net regional product 
deprec 1 a t  ion 
Gross regional product produced 

abbrevi a t  Ion 

Tx4 

DeP 
GRPp 

The two breakdowns o f  GRPp y i e l d  the fol lowing economic ident i ty,  dropping 

numerical subscripts t o  denote sumnation: 

C + GPCF' +- inv add - tnv dep + El - H Y G I  E NPS + out T f  + C + Tx + 
out F lo  - i n  F10 - i n  T f  - govt T f  +. NCS + Dep. 

Consumption cancels out. Also, i n  equil ibrium, inventory additions and 

depletions w i l l  not be present. 

i den t i t y  can be rearranged so that 

GPCF' + E t  + G' + in  Flo.+ I n  T f  + govt Tf  

The equil ibr ium components o f  the previous 

= M + NPS + out T f  + Tx + out F lo  + NCS + Dep. 

H u l t l p l t e r  Investment ( I )  w l l l  be defined t o  consIst o f  those components 

t o  the l e f t  o f  the prevlous equali ty and leakage will consfst o f  the r l g h t  

hand side components. 

Regtonal consumptlon and leakage are regarded as functions o f  lnvest- 

ment (I) i n  mul t lp l te r  analysls. If the consumption fuaat1on ts l l near  

and homogeneous, the product o f  to ta l  Investment tfmes the Investment 

m d t t p l  l e r  Is equal t o  the sum of that  investment plus a l l  consumpt Ion by 

regtonal resldents. The sum o f  mu l t lp l le r  Investment and consumptlon w I l l  

be denoted by Y. By comparison with the precedtng Income account dtscusslon 
1 

. I  
Y, equal . , . 1 .;- 

equal t o  

The 

. . .. 
t o  C + GPCF' + E l  + G I  + tn F lo  + In Tf  4. govt Tf, Is seen t o  be 
_ e _  ; I ,  - -  

equfl lbrtum GRPp + In Flo + i n  Tf + govt TF + Imports. 

economtc derIvatIon of the Investment mu l t Ip l le r  from the consump- 

t f o n  function 1s well known, Brref ly, a constant f rac t ion  r (0.s r 

o f  Investment expendltute 1s assumed t o  be spent on consumptlon by a l l  

regional reclplents, That f tact lon 1s referred t o  as the margfnal propen- 

slty to consume. Induced regtonal consumptlon I s  then equal to  the sum of 

< 1) 



the infin 

amount of  

te geometric series I(r -: r2 4 r3 + ...) = l(l/(l-r)-l). That 

consumption not induced by investment is indicated by the symbol y; 

so Y = I .). c 
= I (I/(I-r)) + y 

and A Y = A I (l/(l-r)) 

The quantity l/(l-r) i s  the investment multiplier. 

of the induced consumption fuction,AY/Ahl for the interval 1, t 01 i s  

approximately equal to dY/dl evaluated at l o  assuming the function to pos- 

sess a derivative at Io and the disturbance term in stochastic functions 

to be independent of investment. The investment mulflpl ier is usually 

Regardless o f  the form 
h 

denoted by R, 
The leakage function can be found by solving for I since multiplier 

investment will be equal to leakage in equilibrium. In the linear example: 

I = (i-r) (Y-4 
= (1-r) Y - (I-r) y 
= (l/k) Y + ;.? 

where 1 - r = l /k is the reglonal marginal propensity to leak. 

Employment Multiplier Models 

An employment multiplier corresponding to the preceding investment 

multiplier will be derived first. 

Let N = total employment in a region, a function of V 
N i =  investment employment, a function o f  multiplier investment (I) 

with a one to one correspondence 

Then 84 =(dN/dY) (dY/dl) (dl/dNi) A N 1  

SO that A N/ Wi 

This model of the investment employment multiplier i s  essentially the same 

= (dN/dY) k (dl/dNi) 
a 

as that given by Keynes for Kahn's investment employment multiplier. A/ 

3. Keynes, J. M. *General Theory of Employment, Interest and Honey. 
Harcourt, Brace and Co. New York, N.Y. 1936, p. 116. 
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The components of multiplier investment and the resulting real activity 

can be thought of as arising to serve two groups: 

and (2) nonregional residents and establ ishments: 

(1) regional residents 

mat portion of invest- 
. t ' i  

ment allocable to residents will be designated domestic investment (D) and 

that allocable to the nonresident group exports (E) for purposes of con- 

struct ing an export employment mu1 t ipl ier model . 
with D and E will be denoted by Md and Ne, respectively. 

The employment associated 

In effect, this 

concept of exports and domestic investment converts some of the final demand 

components of multiplier investment to a derived demand status. The pro- 

blem is to allocate this intermediate production to the two classes of 

ultimate final demand, exports and regional residents. After this is done, 

multiplier exports will consist of that investment not arising in response 

to regional resident demand or needs. It would then be considered to 

more adequately fill the role of the sole exogenous element in regional 

growth it is stated to be by the export employment multiplier than, for 

example, exports as defined in the income accounts. A methodology for 

accomplishing this allocation is sketched in the following. 

lncluded in multiplier exports would be all of income account 

exports (E') with domestic investment including the in-flow, private 

in-transfer and government transfer components of multiplier investment. 

An allocation of gross private capital formation and regional government 

is more involved. The possibility that some regional gross private capi- 

tal formation as defined in the income accounts arises in anticipation of 

export sales potential must be allowed. By this thinking, those GPCF' items 

should be allocated to exports and domestic according to the sales antici- 

pations for the output to be produced by the real investment. It should 

be noted that tbe corrgctness of tbe- sales anticipations would have nothing 
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t o  do w 

such sa 

t h  the v a l i d i t y  o f  t h i s  a 

es anticipations, i f  they 

If so, only buyer of the output. 

location. I n  the investment decision 

ex is t ,  may extend only t o  the f i r s t  

the d i rect  export sales f ract ion would 

be anticipated. 

o r  some o f  the buyers' regional customers might export, and so on. Hence, 

the d i rec t  and indirect  "anticipated" export sates fraction coold be. larger. 

Onlyctbe d i rec t  anticipations w i l l  be considered here, however, because o f  

the theoretical and empirical problems involved i n  quantifying the indirect  

export sales anticipations port ion of(i:PCF'. 

the income account gross pr ivate capital formation (GPCF') i s  divided in to  

two parts, an export port ion included in  E and domestic gross pr ivate 

capi ta l  formation, denoted by GPCF, included i n  D. 

Some regional buyers also might be d i rec t  exporters and/ 

For purposes o f  discussion, 

An export and domestic empirical a l locat ion o f  regional government 

expenditures, wi th  the exception o f  user-cost-financed a c t i v i t i e s ,  would 

have t o  be a judgement based on a general knowledge o f  the ro le  o f  the 

agencies. The same indirect  export estimation problem exists fo r  t h i s  

sector as for capi ta l  formation. s/ 
derridgd ,nto ;qptty/ and n o n c q p i t a /  r P a f i d # n q ,  tqu&/ ,&  L s P t * s / g p ~ n d w y  d ~ ~ t ~ l d  0 5  
allocated according t o  the anticipated users and noncapital spending 

according t o  the actual users. Examples o f  regional government al locat ion 

are regional m i l i t a r y  establishment construction or operation which m u l d  

be"export and the construction or operation o f  post o f f i ces  which could 
l t r  9 el) 

be domestic investment. Domestic regional government expenditures w i l l  

be denoted by G. 

Regional government spending would be 

. -  
I '  .. , .  

. .  

4. 
r igorously i s  discussed in: 
Integrated System o f  Regional Accounts: 
o f  the Public Sector." In: Elements o f  Reqlonal Accounts, op. ci t . ,  pp. 
197-204. 

A theoretical construct which could accomplish the al locat ion more 
Per lof f ,  H. S. and Leven, C. L. "Towards an 

Stocks, Flows, and the Analysis 
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In the investment enployment multiplier model, investment was regarded 

In the as a function of one type of employment so that AI = (dI/dNy)ANj. 

export employment multiplier, investment is regarded as a function of two 

A corn- types of employment SO that h I = ( a I/ a Md) Nd+ ( a  !@ Ne)ANe. 

posits function i s  encountered in evaluating the partials. Dfagramnatically: 

8'- 'd I 
'E - Me 

merefore, ,113 Nd = ( 8  1 / 3 0 )  (dD/dNd)a \ *  (dD/dNd) = dD/dM and slmllarly d 
= dE/dN,. The export employment multipl ier model corresponding to 

the investment model is . 

do ad dE 
dNd M e  * dMe k ( - 4 -  

dN 
dV 0 -  

It will be noted that the export employment multiplier model supposes know- 

ledge of the ratio of the change in domestic investment employment to the 

change in export employment. 

the derivatives in this export employment multiplier model are referred to 

as structural . 
The four equations explicitly suggested by 

Employment Multiplier Esttmators 

Conditlons sufficient for three frequently used estimators of  the 

export employment multiplier to be in agreement with the preceding model 

will now be developed. The first estimator assumes the ratio of  change in 

total employment to the change in export employment to be equal to their 

average rat io. z/ That is, 6 3 / d  Ne :; N/Ne, therefore N := 0 'Ne. The follow 

. *  ... . r f: -.. - .., . ^.. . >  . . .. I 

5. For an example, see: City of Wichita. Patterns for Proqress 
hn Economic Base SWdv &"the Uichitai- KanSa3 ktrormt itan Area. *f 
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five linear homogeneous structural relations nould enable this estimator 

to correspond to the export employment multiplier model just presented. Let: 

BnN 0 = c)dNd 

leakage = (l/k) Y E = $ *Ne 

I = D + E  

For stabfllty, the income account-employment functions would have to be 

measured in constant prices. 

The export employment multiplier can be derived by starting with the 

condition necessary for equilibrium Y, namely planned.1eakage equal to 

planned investment. From the preceding 

* '  I ( W v n  1 . -. 
substituting BnN= k (0 + E j  

NL- (uBn) (BdNd + BeNe) 
= (wen) (@dNd/% + 6e)Ne 

denote thls by N =BINe 
then ,N/LSNe = N/N, = 8' - 
It can be seen that$= dN k & E + 

Since Nd/Ne 1s constrained to be a constant,A Nd/Me must always be equal 
dNe 

to it. If thls i s  true, and if the structural relatlons are linear and 

homogeneous, the estimator w i  1 1  correspond to the model. 

for the export employment multiplier will be without any error attributable 

to the linear nature of an approximation by the use of differentisls In th?s  

Instance. 

mator, can be implemented with estimates of export and total employment 

for one time period. 

The model expression 

Thls estimator, referred to as the linear and homogeneous esti- 

. 
A second estimator o f  the export employment multiplier assumes total 

6. For an example, see: Kansas Clty Federal Reserve Bank. 'The Employment 
Mu1 t lpl ier in Wlchi ta." Honthly Review, Sept., 1952. 
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The ratio AN/ AI is then equal to the linear regression coefficient fill. 

The following structural relations would be sufficient for this estimator 

to correspond to the export model, 

e 

Let: 

Y = r + $ N  O < r n ~ l  - 
leakage = Q + (I/K) Y Md - ' 0 

) = D + E  Ne > 0 

I) t. m ] 1 +  8 dNd B > o  

E = (1-m) a + Be2Je 

The export employment mult 

leakage and investment and 

Then N + K (n - 01 + 

so that N = 6 + B" Ne 8 U  

plier i s  derived as before by equating planned 

substituting i?d/N = E. e 

k. (fid E + Be) Me, denote this by 
a, AN/ANe - 8". 

fit' 

its functional content is identical to the previous f i t .  

to a constant so that m d / M e  i s  the same constant, and i f  the structural 

relations are linear but not necessarily homogeneous, the expression for 8" 

will be in agreement with the export employment multiplier model. 

model will again be without error attributable to its previously referred 

to linearity. 

can be implemented with estimates of export and total regional employment 

for two time periods. 

i s  seen to correspond to the export employment multiplier model because 

If17 Keis equal d 

The 

This estlmator, termed the linear nonhomogeneous estimator, 

The linear regression of total employment on export employment could 

have been derived without any economic argument by resubstituting investment 

(1) for leakage and writing the inverse of the first two structural relations. 

The identical composite function N = 6 + fi" Ne 

from the structural relations by simple substitution. This procedure would 

can then be constructed 
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work for the first estimator as well and will be used to derive the third 

estimator. 

I f  estimates of export and total employment are available for more than 

two time periods, they will not usually be numerically consistent with the 

linear estimator previously examined. 

to the linear nonhomogeneous estimator and a least squares estimate of the 

regression coefficient defines the third estimator of the export employment 

multiplier which will be termed the stochastic linear estimator. z/ Mathe-. 
matically, the stochastic regression equation is N = 6 

The addition of a disturbance term 

+ B N e  + U. 

The addition of a disturbance term to the linear nonhomogeneous esti- 

mator indicates that one o i  more of  its structural relations must have a 

disturbance term, Before these terms are added, the preceding structural 

relations will be written in different form. 

+ BnN 1s written in inverse form as N = El +. p,Y. 
I = Q + (l/k) Y, resubstituting multiplier investment ( I )  for leakage, 

is written in inverse form as Y = % + kl. 
ment and domestic investment-domestic employment relations are substituted 

in the I = 0 + E  identity yielding 

The first relation Y = T  

I /  The second relation, 

The export and export employ- 

I m a +  8dNd (1-m) + &Ne 

Be% 
% BdEd + 

This will be rewritten as I 

equality N i  = Nd + N,, 
constant B2- This requires that 8 d =B e = B2 or that Nd and Ne be in a 

constant ratio. 

2 + B 2 (Nd 4- Ne) = It t *wl utilizing the 
It remains to demonstrate the existence of the 

The latter has already been assumed. 

7. for an example, see: Thompson, G. E. "An Investigation of the Local 
Employment Mu1 t ipl ier," 
Feb., 1959, pp. 61-67. 

Review of Economlcs and Stat ist i c s ,  Val . , 41 
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Then dNd f 8 e ff e = 62(%j *Ne) 

from which 6, ( BdMd + BeNe)/(Nd + Ne) 
- ( B&+ Be) Ne/( E +  I)N, 

= ( Bd&+ Be)/( E +  1) the required constant. 

Export employment i s  retained i n  the rewr i t ten structural  re la t ions by 

inser t ing Ni =I ( 6 +  l)Ne. 

and add i ng disturbance terms produces 

Collect ing the rewri t ten s t ructura l  re la t ions 

N =  g . 1  + B 1  Y + p  * 

Y = E 2 + k l  + 
1 

u 2  N >  0 

' 0 

N I =  ( C  + I )  Ne + %  * ~ I J , , d .  

Neis the sole exogenous var iab le in  t h i s  recursive system. Progressively 

subst i tu t ing f o r  the 

M =  (0, t.1, Q, i .  I t  ka) 

whlch can be denoted 

o f  the reduced forms 

mathematics. 

explanatory variables N i ,  I ,  and Y produces 
I 

+ p/w-(t+dAle + ( ~ , t r y i . U u t - j 3 ' k / l / 3 + / , . 4 -  +A). 
N = 6 4  0 Ne 

i n  econometrics rather than a composite function as in 

This equation i s  referred t o  as one 

The propert ies o f  a least squares estimator o f  theB parameter depend 

upon the probab i l i t y  d i s t r i bu t i on  o f  the disturbance term 

the p & x h l ! l t y  QIs+ribgtions of the structural  disturbance terms of which 

, hence upon 

p i s  a l inear  combination. I n  order f o r  a least  squares estimator of 8 

t o  be a best l inear  unbiased estimator the fol lowing must prevai l ,  !/ 

The expectation o f  the structural  disturbance terms must be zero f o r  each 

time period, t he i r  variance-covariance matrix o f  contemporaneous disturbance 

8. The material i n  t h i s  paragraph i s  based on: Anderson, R. L. and Ban- 
c r o f t ,  T. A. S ta t i s t i ca l  Theory i n  Research. 
Mew York, N. Y. 1952, p. 60. and Johnson, J. J. Econometric Hethods. 
H i l l  Book Co., Inc. New Yotk, N. Y. 1963. 

McGraw-Hi11 Book co., Inc. 
HcGraw- 

Chapters 7, 8 and 9. 
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terms must be constant through t i m e ,  the covariance o f  hewcontemporaneous 

disturbances wi th in  each structural re la t ion must be zero, and the covariance 

between noncontemporaneous disturbances o f  d i f fe ren t  structures must also 

be zero. 

correlat ion o f  the structural  disturbance terms, respectively. 

conditions, any regional aggregate d i sturbance term 

employment mu l t ip l ie r  formulation N = 6 + 6 Ne + 

tat ion,  constant variance through time, and zero auto-correlation, the 

conditions required f o r  a least  squares estimator o f  6 t o  be a best l inear 

unbiased estimator. 

be unbiased i f  the expectations of the structural  disturbance terms are 

equal to zero f o r  every time period. 

d i t i o n s  required f o r  least squares to  be the best l inear  unbiased estimator 

per  downy the sampling variance of 6 w i l l  o rd inar i l y  be increased. 

The l a s t  two conditions impose zero autocorrelation and ser ia l  

With these 

y )h- the export 

w i l l  have zero expec- 

I t i s  suf f ic ient  f o r  the least  squares estimator t o  

If any o f  the other structural  con- 

An estimator o f  the export employment m u l t i p l i e r  that  does not assume 

the aggregate output-employment and consumption functions o r  the over-all 

Nd-Ne re la t ion  t o  be l inear i s  the input-output analysis o f  W. W. Leontief. 

The pr ice  paid for  the greater f l e x i b i l i t y  o f  an input-output estimator 

i s  that  it cannot be implemented soley w i t h  regiona? t o t a l  and export 

mp!zpent c!zt_s. !nf~?r!!!st?nn ny! sector input and output flaws must also 

be gathered. An Input-output model w i l l  be used l a t e r  a %t.ai1&s-e$fiCit 

analysis and estfmation o f  l n d i t e t t  production and emp?oyment. 

Export Employment Estimators 

Estimates o f  export employment for implementing the three l inear 

estimators o f  the export mu l t ip l ie r  that  have been discussed usually are 

based upon one or more of  the following information sources: 

o f  regional f i rms t o  secure the i r  t o t a l  employment and export sales f ract ion 

(1) a survey 

... 
9 1 1 
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of total sales, (2) total employment figures by industry for the region 

being estimated and one or more comparison areas encompassing the region, 

and (3) Judgement of persons making the export employment multipl ier esti- 

mate as to the regional employment engaged in producing exports. fsti- 

mates utilizing the first two sources manipulate verifiable data in explicit 

formulas; assumptions sufficient for their accuracy will be developed. 

In a survey determination of private sector export employment infor- 

mation total employment and the proportion of export sales i s  typically 
a& to 

solicited from firms located in a region. An estimate of a firm's export 

employment is obtained by multiplying the export sales fraction times its 

total employment. 2/ In mathematical form this estimator, termed the survey 

estimator, i s  

where E = export sales, sales to nonregional residents and establishments 

T = total sales 

N = total emp)ayment 

* = d'3.r- expart employment N* 

The explicit assumption in this estimator i s  that export employment i s  in the 

same ratio to total employment as export sales are to total sales, 

If a firm produces only one product, just one qualification i s  needed 

for the survey estfmator to be correct; the firm must not have experienced 

a net addition to its finished inventory over the time period to which the 

employment and sales data relate,&herwise, the sales fraction for esti- 

mating export employment will be too large. 

assumed in the remainder 69this section, i s  a subset o f  the multiplier 

This conditfon, which will be 

requirement of zero regional inventory change discussed earlier. 

9. Denver Planning office. Workinq Denver; an Economic Analysis. 1953, p.26. 



-1 4- 

If a f i r m  produces two or more products, taking the case o f  two f o r  

an example, then the survey estimator becomes 

l e t t i n g  Ea = export sales o f  product A 

Eb = export sales of product B 

Ta = to ta l  sales o f  product A 

Tb = t o t a l  sales o f  product B 

Na = employment engaged in production of A 

Nb = emp1oyment engaged i n  production o f  B 

If the employment and export sales f rac t ion  data are not secured by product, 

the fol lowing must be true i f  the estimator i s  t o  be without er ror  i n  the 

case o f  nonjoint products: 

To determine the conditions su f f i c ien t  f o r  the l a s t  equal i ty to exist ,  

the fol iowing re la t ion  w i l l  be used. 

(Ea -b Eb)/(Ta Tb) = = Eb/Tb. so, I f  the export sales f ract ions are 

equal f o r  a l l  products produced by a survey respondent, the survey estimator 

o f  a f i rm's  aggregate export employment w i l l  be correct., Al ternat ively it 

Is s u f f i c i e n t  f o r  the accuracy of the estfmator i f  the employment/total 

sales r a t i o s  are equal for a l l  products. This follows because 

If Ea/Ta = Eb/fb, then 

A regional export employment t o t a l  arr ived a t  by use o f  the survey 

estimator w i l l  estimate d i rec t  pr ivate plus government user-cost-financed 

export employment. Without modification o f  the estimator, export employ- 

i'" . . ' .  . -" e .- * * - 1 ; ;  1 - 3  

' -  s 
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ment would always be zero i n  construction and the remainder o f  government 

establishments. That employment of f i r m s  producing output which is incor- 

porated in to exports by regional purchasers w i l l  be omitted from the export 

employment estimate. 

export employment, using Input-output terminology. 

Such employment has been referred to  as indirect  

An approximate survey estimator o f  indirect  export employment has been 

suggested. lJ/ Regional d i rect  exporting f i r m s  would be asked what pro- 

port ion o f  the i r  input was purchased from regional f i r m s  i n  addition t o  the 

two previously menttoned questions, Indirect  export employment of a f i r m  

at t r ibutable t o  sales t o  a regional exporter m u l d  be equal t o  the d i rec t  

export sales f ract ion of the purchaser times the f rac t ion  o f  the se l ler ls  

output going t o  him times the se l ler 's  employment. The approximate survey 

estimator o f  ind i rect  export employment i n  mathematical form Is 

; h d ; r * c t  
l@t*iny Ne = Vexport employment of the se l l ing  f i r m  a t t r ibutable to  

. .  S exports o f  the purchasing f i r m  

Ns = to ta l  

L = sales 

' = to ta  S 

employment o f  se l le r  

o f  se l le r  t o  a regional purchaser 

sales of sel l e t  

Ep = exports o f  purchaser 

Tp = to ta l  sales o f  purchaser 

An tnput-output estimator of regional employment a t t r ibutable to  

(e) 
A 

d i rec t  and indirect  exports i s  Ne = (bt) ( 1  + A + A2 + ~3 +,..) 

> - .  
*lo. 
Base." land E c ~ p l c s , .  V.oJ. .- 30, Nov., 1954, p,.370. 

Leven, C'. L' I'An' Approprlete U n l i ' f o r  IbeSurlng the' Urban Economic 
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l e t t i n g  Ne = regional d i rec t  and ind i rect  export employment 

b = vector o f  l inear  and homogeneous output-employment coef f ic ients  

1 = ident i t y  matrix 

A = matrix o f  processing sector input coef f ic ients  wi th C, 
G, GPCF and E i n  f i na l  demand 

e = vector o f  sector exports 

Indirect  export employment would be equal t o  (b') (A .+ A2 + A3 .+ ...) (e) 

and one approxlmation would be (b') (A) (e). To co l la te  wl th  the suggestbd 

survey estimator o f  indirect  export employment, suppose two o f  the processing 

sectors were each composed o f  one f i r m  and that one o f  those firms (s) sold 

output t o  the other f i r m  (p). If none o f  that output were purchased f o r  

purposes of.-GPCF and. i f  there were:no !nventocy changes i n  the survey period, 

the trumsted input-output estimator o f  indirect  export employment i n  the 

s 

notation. The l a t t e r  expression i s  ident ical  to the approximate survey 

estimator. However, i f  stme o f  the se l l e r ' s  output were u t i l i z e d  f o r  GPCF' 

Sector, bs Asp epa could be wrlttenf"Js/Ts) (L/Tp)Ep using survey estimator 

by the purchaser, the p sector input coeff icient from sector s (Asp) would 

be overstated. This could cause the degree o f  approximatlon t o  vary from 

one exporter to  the next, hence to  vary among Indirect  exporters. 

lf GPCF' equalled zero, t h i s  par t icu lar  truncated estimator would not 

Even 

uniformly approximate lnd l rect  export employment because the power series 

A t A2 + ... does not converge uniformly f o r  each sector. This i s  par t l -  

cu la r l y  serious f o r  the truncation A and w l l l  be demonstrated i n  the 

subsequent empirical section. For both o f  these reasons, comparisons 

of ind i rec t  export employment among sectors and among regions estimated 

by the approximate survey estimator, could be distorted. 
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The second type o f  data used i n  making estimates of regional export 

employment do not include information d i r e c t l y  re la t i ng  t o  export sales. 

l -  Instead, a proxy var iable i s  used, typ ica l ly  industry employment for one 

or more areas besides the region. There are many var ia t ions but a common 

one, stemning from the locat ion quotient, estimates nonexport employment 

I n  Industry j t o  be the same f rac t ion  o f  t o t a l  employment In the region as 

the t o t a l  industry j / t o t a l  employment f rac t i on  In another area. The indus- 

t r y  j export employment estimate is regional industry j employment mtnus 

the lmputed nonexport employment i f  that di f ference i s  greater than zero. E/ 
This estimator i n  mathematical form is: 

%dj = NJ - N(Uj/U) i f  j 0 

letting Ne# = export employment o f  a regional industry j (j = 1,2, .. n) 
res t r l c ted  t o  be greater than or equal t o  zero i 

O j  = nonexport employment i n  reglonal industry j N 

Nj = t o t a l  employment o f  regional industry j , assumed equal to 

if . No 5 NJ "e#J + NOJ 3 
N 
U j  = industry j employment o f  a comparison economy lncludlng the 

U 

= t o t a l  employment of the region 

reg ion 
= t o t a l  employment of the comparison economy lncludlng the region 

Uj/U Is a r a t l o  estimator o f  the nonexport employment proport ion in  regional 

?ndust?; J. 
P 

?he es+,?mte of the proportion w i l l  be denoted by Nar/N . 
A A 

a 
h 

Substi tut ing, the export estimator becomes N j  - N(Noj/N) = N e # i  + Noj - N ~ ~ ~ F N ~ # ~  

The questlon of  in terest  i s  how good i s  the estimator Uj/U o f  the rat io  

11, See: Thompson, a a,, p. 64. 
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A s t a t i s t i c a l  property which is easi ly  demonstrated for  a r a t i o  estimator 
A U *  

when i t  is not implevted with prow data is unbiasedness i n  the sampling l imit .  

12/ To illustrate, suppose N /PJ w e r e  estimated from a 

firms out of a regional t o t a l  of M by determining their  

t he i r  industry and - i f  i n  industry j - the i r  nonexport 

J 0 

A r a t i o  estimator of nonexport employment i n  industry J 

random sample of m 

t o t a l  employment, 

employment. 

would be 

If a l l  14 firms in a region were contacted, unbiaseriness 

f o r  this% demonstrated by 
QCfimq t o  r 

in the finite l i m i t  

Unbiasedness in the l i m i t  cannot be demonstrated for  the UjN estimator of 

N /N, nor can any bias be measured, because it does not involve inductive 

inference from a sample of Xo 

of an estimator with proxy data remves i t  from the class of estimators 

O3 

ra t ios .  In short, the implementation 
Jk'% 

considered in the f i e l d  of s t a t i s t i c s .  Any estimator implemented with proxy 

variables w i l l  hereafter be rzferred t o  as a proxy estimator. 

Row can a proxy estimator be evaluated other than by comparisons of 

estimates with the true values? A commonly employed method is  t o  evaluate 

the a pr io r i  credibility of the assumptioxWimplied s t ructural  relations 
and 

of a proxy estimator. u/ This w i l l  be done fo r  the proxy estimator of 

export employment. 

12. Codran, W. G. Sampling Techniques. John Wiley and Sons, Inc. New Pork, 
N. Y o  1953. PF 13 114. . & . -  
13. For a simple e x q l e ,  see; Fergwan, C. E. I t  Comment." Ini Elements 
of RePioaal Accounts, op. ci t , ,  pp. 47-49. 
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M e  e x p l i c i t  statement of the proxy estimator i = /u is that J 
nonexport employment i n  regional industry j i s  the s L f ract ion o f  to ta l  

regional employment as the t o t a l  industry j / t o t a l  enployment r a t i o  exhibi ted'  

by a comparison area. There are two possible interpretations o f  t h i s  - the 

actual regional r a t i o  i s  indicated by the comparison area or  the re la t i ve  

amount o f  employment the region w u l d  need t o  produce a l l  o f  the industry j 

output used by nonexport demanders i s  indicated by the camparison area rat io. 

Slnce % 
poss Ib i l l t y  must be rejected. One impllcation o f  the second interpretat ion 

1s that  the comparison area has no exports o r  i q o r t s ;  such an economy i s  

referred to as closed. 

may be more than the to ta l  employment o f  industry j ,  the f i r s t  01 

I f  t h i s  i s  the case, then the to ta l  output and 

employment i n  the comparison area's industries Is sat isfy ing a l l  the d i rec t  

a d  ind i rect  domestic demand, domestic demand consisting o f  consumption 

and domestic investment. 

The fol lowing question i s  posed i n  order t o  s t a r t  the development o f  

e x p l i c i t  assumptions fo r  the proxy estimator that  would enable it to  be 

generally correct, that  i s ,  the a p r i o r i  condltions al3owing the estimator 

t o  be applicable t o  any region, 

industry j I n  another closed economy o f  to ta l  employment size N? 

How much employment should be devoted to  

A sInple 

- - r e - - - . -  e-- &L- ---.... --*?--am" 3 - u I t  4,. aiid geiioru; racaunaiw rut KU= ~ U A Y  u a ~ a u m s w a  - s- w i n  tbiis cofitez 
OJ J 

Is that  the amount o f  Industry j output necessary t o  sat is fy  l inked domestic 

demand i s  i n  a constant proportion t o  that  i n  the camparison area and that 

average labor product iv i t ies  i n  the two areas, by industry and in  aggregate, 

are also i n  a constant proportion. For the average labor product iv i ty 

ra t l os  t o  be constant, i t  i s  suf f ic ient  that the industry and aggregate 

output-enployment functions be l inear and homogeneous. 

... 
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The fol lowing notation i s  adopted t o  indicate the aforementioned employ- 

ment, output and demand relationships imp l i c i t  i n  the proxy estimator o f  

nonexport employment i n  a closed regional economy. 

Let N = to ta l  employment i n  a region 

U = t o t a l  employment i n  a comparison area 

= aggregate output-employment coeff ic ient  i n  the l inear  homogeneous 
function o f  the comparison area B 

A 

0, = regional output needed t o  s a t i s f y  consumer (c) d i rec t  and indi- 

= constant proportional i ty factor o f  output-employment coeff ic ients 
i n  the region re la t i ve  t o  the comparison area 

“ 

rect  demand without any regional imports 
0 - 0 Ir 

0, = output i n  a region equal t o  0, + Og +ogpcf 

(D 
u rn 

= comparison area counterparts of regional 0, andso c 

0 

e 
The output-employment functions are written: 

with j-6 z a n d  s imi la r ly  for the other industry output and employment vari- - o j  - 0  

ables. 

coef f ic ient  r a t i o  A because the re la t ive d is t r ibut lonsvndustry  output I n  

There Is no d i f f i c u l t y  I n  malntalning the s t a b l l l t y  o f  the aggregate 
03 

the two areas have been assumed equal. 

employment i n  the closed region N 

The proxy estimator o f  nonexport 
. I  

A 

= N UJ/U becomes, by subst i tut ion 
O3 

i t  must be that 

therefore l/kt. = JI U/N = (t0/N) (QUI 

Q - N/U 
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The l a s t  equali ty, required because the form and sense o f  the estimator 

constrains cNo t o  be equal t o  N, states q and x t o  be dependent. The 

required re la t ion  is that  the constant average rat ios o f  labor product iv i t les  

for the two areas (1/ A )  be equal to  the l inked domestic demand per employ- 

.). 

j f  

ment ratios. One such re la t ion  is x =l and J, = N/U. 

The use o f  the proxy estimator indicates the poss ib i l l t y  that  a region 

might have some employment devoted t o  e)cport production. Hence, i f  t o t a l  

employment M I s  not that  o f  a closed economy, It must be equal to  it in  

order f o r  N/U t o  represent an economic s c a l a r  o f  u . That is, the loss 

of regional employment producing dlrect  and ind i rect  exports must be equal 
5 

t o  that  which would be generated by the replacement, wi th  regional pro- 

duction, of imports used t o  sat isfy l inked domestic demand. That equal i ty 

w i  11 be assumed temporar i ly. . 
The preceding notat ion f o r  the proxy estimator is now extended t o  include: 

0 = actual regIonal production 
0, = actual regional production golng t o  consumer d i rec t  and 

ind i rect  demand 

Om = actual regtonal Imports 

0 
om 

= Imports d i r e c t l y  and ind i rec t l y  al locable t o  domestic demand 

rl - 
"OJ - - regtma: indust;-; j preduc+!or! 2enersted by reaional replace- 

ment of a l l  d i rect  and indirect  domestic demand imports 
" 

N "   om^ B;8Oamj  = employment generated by a" OmJ 

= x p m j  = imputed regional employment l os t  t o  Omj 
1. 

The regional employmnt-output-demand relat ionships are now written: 
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.' d 
assumed = ApOo 

therefore (& - oo) = 0, 

t 

e 
so that XB (Oo - oo) = A B  oe = Me Is actual regfonal direct and indirect 

export employment. 

A1 so Nj 'AB j 0 j  

The proxy esttrnator o f  industry j export employment 
/r 

= N j  .. M UJ/U 
dj 

N 

u U 
becomes by substitutuion = A B j  * (zoj t Oej 0 omj Ooj) 

By thfs derivation, the proxy estimator o f  industry export emp\oyment i s  

seen to be an estimate o f  the regional employment producing lfnked exports 

of industry j less the regional industry j employment that would result 

from the substltution of regional production for all imports consigned to 
linked domestic demand. This  net amount, when greater than zero, hereafter 

w l l l  be referred to as net linked export emp1oyment. 

An essential assumption of the proxy estimator i s  that actual linked 

export employment equals the regional employment that would be generated 

by the replacement o f  ltnked domestic demand imports. The analytical device 

employed to deduce conditions sufficient for t h i s  assumption to be generally 

correct will be the open nondynamic input-output model with linear homo- 

geneous output-employment functions. Processing industries would exclude 

households (consumption), domestic gross pub1 ic and pr ivate capital format ion , 
and the direct demand components o f  multiplier exports. This would leave 
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domestic noncapital a c t i v i t i e s  o f  regional govermrent i n  the processing 

sector,. 2/ 
Let b =  

A =  

B =  

a =  

e =  

m ; .  

O L  

P =  

vector o f  industry output-employment coef f ic ients  

matrix o f  regional input coef f ic ients  

matrix o f  regional input coef f ic ients  w i t h  regional production 

vector o f  observed f i na l  domst ic  demand fo r  regional processing 

vector of observed processing industry d i rec t  exports 

vector o f  observed d i rect  processing industry imports by the 

vector sum o f  a .+. e 

vector sum of a + m 

substituted f o r  imports o f  processing sector output 

industry output 

f i n a l  domestic demand sector 

It 1s requlred that (b') ( I  - A)" (0) f: (b') (1  - B).' (p), An obvious way 

t o  achieve equal i ty i s  to impose A = B and e = m, 

must not be any imports o f  processing industry output by the regional pro- 

cessing industries. The vector of d i rec t  exports (e) w i l l  equal that o f  

domestic f i n a l  demand imports (m) I f  d i rec t  exports o f  each regional indus- 

t r y  j equals imports of  industry j output, The most I l luminating case t o  

I f  A i s  t o  equal B there 

consider i s  A equal t o  6 equal t o  the n u l l  matrix, that is ,  no in ter  or 

i n t r a  industry transactlons as w e l l  as imports in  the processing sector. 

Thls w i l l  r u le  out any indirect  production i n  the region. It Is then 

required that (b') ( I )  ( 0 )  = (bl) ( I )  (p) which reduces t o  (b') (e) = 

(b') (m). Such an equali ty w i l l  always ex is t  i f  the sum of regional proces- 

sing industry exports equals the sum o f  imports o f  the i r  output and i f  the 

elements of(b)are a constant ( 1 6 

14. As has been indicated by Per lo f f  and Leven, 
f i c u l t y  i n  including a component o f  non user-cost-f inanced regional govern- 
ment in  t h i s  processing sector i s  the meaningfulness o f  the implied re la t ion 
of  such government expenditures to a c t i v i t y  levels in a region. 
inclusion does permit a more meaningful statement o f  the requfred employment 
equal i t y  , however. 

cft., p. 198, a d i f -  

The above 
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If the A matkix equals the B matrix equals the null matrix and all 

B in the comparison area, it need not be a closed economy. The prevlous 

6; equal 
.J 

requirement that comparison area imports o f  industry j output and exports o f  

industry j output both equal zero could be relaxed to having them equal. 

If the regional A matrlx equals the B equals the null matrix and all 

~ 6 . ~  AB, the proxy estimator of industry net export employment 
h 

3 

The proxy estimator of thdustry net lirked export employment i n  tFis case 

is then equal to direct export employme t minus the reg;oqal employment 

imputed to observed imports of isidustry j output by direct domestic dema(3det-s. 

Linear homogeneous output-employment functions have bee@ used thus far 

in the proxy estimator discussion. If litiear nonhomoge$Ieous i dustry and 

aggregate output-employment functions were postulated, the estimator would 

become trivial. This i s  because two Constraints on tl-e regression cotptants 

are necessary for the proxy estimator to be internally coqsistent. Denoting 

the regressio.7 constants by NJ and UJ for the region and cornparisor-i area I . . .  

respectively, the constraints are that NJ/g = NJ/UJ for all J and that 

- N / U =  A $ *  The first is necessary for UJ/U to correctly f N / C  U 
j - j  j 3 

allocate regional employmertt to exports and other and the second is necessary 

for the total employment ratio to correctly i:idicate the ratio of total domes- 

tic demand ir the two areas adjusted for labor productivity differences. To 
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generally real ize both, however, the re la t i ve  d is t r ibu t ion  o f  industry employ- 

ment must be the same i n  tire reg io l  and comparison area which means zero net 

export employment would be estimated f o r  the reglon. 

I n  order t o  geilerate the data needed f o r  a va l i d  test  o f  the proxy e s t i -  

mator o f  regional net export employment the fol lowing are needed: 

noqdynamlc input-output model wi th an industry o r i g in  o f  a l l  imports, a s p l i t  

o f  government expenditures i n  the region Into d i rec t  export and other, a s p l i t  

o f  real  capi ta l  investment in to  d i rect  export and other, and l inear  homogeneous 

output-employment functions. 

l inked export employment and actual l inked nonexport employment which would 

exhaust the t o t a l  employment producing regional output. The breakdown o f  

imports by industry would permit an estlmate o f  the amount o f  regional employ- 

ment a t t r lbu tab le  t o  supplying a l l  regional d i rec t  domestic demand without 

any imports by the f i na l  domestlc users o r  regional processing Industries. 

The l a s t  employment estimate minus actual l inked nonexport would represent 

domestfc import replacing employment. The industry s u m t l o n  o f  l inked export 

mlnus import replacing employment when greater than zero would represent 

more d i rec t  estimates of net l inked export employment t o  compare wi th  those 

produced by the proxy estimator. 

an open 

The l a s t  feature would al low estimates o f  actual 

A Glrtt i ib:i ig fzatiira sf the  p ~ ~ y  estliiiatur wf net expure empioyment i s  

that  as the number of industries into which a region's employment t o t a l  I s  

divided increases, the estlmate - i f  It changes - can only increase. fi/ In  

general, net export employment w i l l  Increase because industry disaggregatlon 

allows' more opportunit ies for differences i n  the re la t l ve  d is t r ibu t ion  o f  

. . .  . < * . *  * *  E.. . ' y  
. .  - . ,  

15. Kansas C i t y  Federal Reserve Bank. 'The Export-Local Employment Relatfon- 
shtp- I n  Metropol I tan -Areas," M n t h l y  RevIew, Mardh, 1960; p. 
appendix. 

cif technicat 

1 . I _  . .  4 '  ' ?; I .  ' . \ . ,. . -. 
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employment of  a region and its comparison area. T h i s  type o f  monotonicity i s  

not evident in the survey estimator as a firm i s  disaggregated by product nor 

i n  an Input-output estimator as the number of subdivisions i n  the processing 

sector Is Increased. 

A final point about testing the proxy estimator concerns the employment 

Two types o f  industry employment data are avail- data used to implement it, 

able for many regions, the Census household series and an establishment report 

series. 

residents of a region regardless of where employed. 

with some exclusions, relate to jobs held in the region regardless of the 

residence of the job holder. Both have been used in implementing the proxy 

estimator. s/ Loosely speaking, industry employment in the estimator denotes 
production in an area whfle the summation of the industry employment indicates 

dornestlc demand. 

compositlon o f  industry production within an area mora accurately than an 

employed resident series. 

Is not so clear-cut but employed residents are probably a more constant indi- 

cator o f  population and hence of the level o f  domestic demand insofar as the 

latter two are correlated. From these considerations It is concluded that, 

fw the prexy ost?matnr, n region and;its comparison area should be demaraated 

so that persons employed in the area and employed residents are as nearly 
r d e n t : c  u /  - * as possible. The transition from persons empioyed in an area to jobs 

h e l d  in an area requires that the relative amounts of multiple job holding 

In the region and comparison area be similar. In the former case net linked 

export employment refers to employed persons and in the latter to jobs held. 

The household series relates to the industry attachment of employed 

Establishment reports, 

Establlshment employment would be expected to indicate the 

The case for the superior total employment series 

56. See: Thompson, OJ. a., p. 62. 
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Emplomnt Mu l t ip l ie r  Estimates 

Some empirical content w i l l  be given t o  the preceding discussion o f  

export employment and i t s  l inear  and homogeneous mu l t i p l i e r  by u t l l i z i n g  

data from an lnput-output study of S t .  Louis f o r  1955, lJ/ To do th is ,  

 some^ modiflcations have to be made i n  the previous formulation o f  the export 

employment mult ip l ier .  Ff rs t ,  the sectoring used i n  the input-output study 

grouped a l l  gross pr ivate capi ta l  formation together without any export- 

nonexport c lass i f icat ion.  O f  the federal, state and local  government sectors, 

only local  user-cost-financed a c t i v i t l e s  were sectored as t o  export and non- 

export. and ddmcstk This prevents adherence t o  the de f in i t lons  o f  export 

mu l t ip l ie r  investment that  have been advanced. Because o f  th is,  tvm d i f -  

ferent sets of  de f in f t ions  which conform t o  the input-output sectoring w i l l  

be used. 

The f l r s t  de f i n i t i on  o f  exports consists o f  a l l  sales o f  new production 

t o  nonresident persons and nonregional business and government establishments 

w i t h  domestic investment consisting o f  a l l  gross pr ivate capi ta l  formation, 

These two de f ln i t ions  are referred t o  as the 'YradeI1 set. The purchases 

and employment o f  the local, s ta te and federal government sectors will be 

la rge ly  excluded from the export employment mu l t i p l i e r  estimates using these 

def?n?t!ms.  ?!?e a,ece!x! E P ~  ef def?n!t?nni !ne!udas the expenditures and 

employment o f  government establishments i n  the region by adding the state 

and federal sectors t o  the preceding exports and the local  government sector 

t o  domestlc Investment. This set o f  de f ln i t ions  is referred t o  as ~ l i n c l u s l v e . ~ ~  

The employment data used are from a S t .  Louis nonagrfcultural census, 
~ c i r ~ i t ~ ~  7 s Q r c  ~ u I f Y ( r a  1 

they 

exclude the m i l  i ta ry ,  household domestics, unpaid family workers and the 

nonagricultural self-employed. 

17. Hirsch, W. 2. *t lnter industry Relations of a Metropolitan Area." Revlew 
o f  Economlcs and Stat ls t ics ,  Vol. 41, Nov., 1959, pp. 360-369. 
t o  Professor Hirsch f o r  allowing me access to the records o f  t h i s  study. 

I am indebted 
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An estlmate of the export employment multiplier using the linear homo- 

geneous estimator and a counterpart of the survey estimator of export employ- 

ment will be presented first, A survey estimate of export employment could 

not be constructed because output inventory changes wlthfn the producing flnns 

could not be successfully disinterred from the study records. The alter- 

native was to assume either that the teglonal inventory changes of sector 

output as recorded in the transactions matrix occurred entirely within the 

producing firms or  entirely out of  them. Is/ The latter alternative was 

judged to be the error minimizer with respect to the survey estimator of 

export employment. Utlliztng this place of inventory change assumption, 

sector sales are equal to sector output totals, including inventory addittons, 

minus Inventory depletions calculated from the transactions matrix. Thls 

Implementation of the survey estimator of export employment at the sector 

level yielded the foll 3 1 inear homogeneous estimate of the export employ- 
ment multiplier for St. Louls. 

(trade) N/Ne? = 644,46/208,838 .= 3.09 

(?nCluslve) N/N* - 724,600/2&,266 = 2.95 

The inclusive estimate of export employment would be equal to that produced 
8 .  

using the survey estimator of export employment at the firm level if the 

had equal export sales proporttons or equal employment/total sales ratios, 

and if  state and federal employment In the region were considered export. 

18. 
Marvln. Interindustry Relations Study for 1947." Review of Economlcs 
and Statlstfcs. Vol. 34, May, 1952, p. 108. 

For the inventory recording procedure, see: Evans, W. 0. and Hoffenberg, 
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LInear homogeneous export empioyment mu1 t i p 1  i e r  estimates incorporating 

the equil ibr ium requirement o f  no regional inventory changes can be computed. 

The problem i s  t o  know what a consistent set o f  industry outputs would have 

been i n  the survey period t f  the inventory changes that were present had 

not occurred. 

output estlmator a t  hand because mul t ip l ie r  investment,as well  as exports, 

hasbeen defined i n  terms o f  S t .  Louis Input-output sectors. lndustry out- 

puts were estimated corresponding to  the observed mul t ip l ie r  investment out- 

put sector d is t r ibu t ion  a t  the t i m e  o f  the St ,  Louis study, These lndustry 

outputs and t h e i r  export f i n a l  demand components were converted in to employ- 

ment using l inear homogeneous output-employment functions. 

export employment mu l t ip l ie r  was then computed as the sum o f  the processing 

sector equi l ibr ium employment, plus a l l  government employment I n  the region 

for the inclusive set, divided by to ta l  export employment. These aggregate 

estlmates correspond t o  weighting the sector export employment mul t ip l iers  

by t h e i r  re la t l ve  amount of regional export employment i n  the survey period. 

The export employment m u l t i p l i e r  estimates are: 

Such equil ibr ium production can be estimated wi th  the input- 

An aggregate 

(trade) N/Ne* = 556,275/208,838 * 2.66 

(Inclusive) M/Ne* = 696,283/245,266 2.84 

Thsse est?mateci which are smaller than the preceding ones, r e f l e c t  the 

exclusion o f  nonexport employment a t t r ibutable t o  the net increase i n  regional 

inventdries during the survey period. 

ment sector ra t i os  f o r  the trade def in l t ions was from 1.03 f o r  a manufacturing 

category t o  i n f i n i t y  f o r  the construction industry. 

de f in i t ions ,  the range was f rom 1.03 f o r  the same manufacturing sector t o  

41 f o r  another nonmanufacturing category. About two-thirds o f  the ra t i os  

o f  each set f e l l  w i th in  the values o f  one t o  three. 

The range on the total/export employ- 

For the inclusive 



Subjected t o  the conditions o f  the previous paragraph and the constancy 

o f  sector exports as a f ract ion o f  the prescribed sector f i n a l  demand, a 

regional nondynamic input-output estimator w i l l  always produce an aggregate 

estimate o f  the export employment m l t i p l i e r  equal t o  that given by the 

l inear  homogeneous estimator implemented wl th  a survey estimate o f  inclusive 

export employment f o r  the same t ime  period i f  (1) regional inventory changes 

d id  not occur i n  the survey period, (2) a l l  f l rms i n  a processing sector 

have equal expor t l to ta l  sales or  employment/totai sales ra t ios  and (3) state 

and federal government are considered export. 

U t i l i z i n g  the assumptions o f  the l inear  homogeneous estimator, the 

d p o r t  employment mu l t i p l i e r  becomes 

A l l  o f  these quant l t les can be estimated w i t h  input-output, 

Jrfth the spending measure estimates w i l l  be that state and federal transfer 

payments must be included i n  exports instead o f  domestic investment in  the 

Inclusive set because of the lnput-output sectoring, 

A difficulty 

To have to ta l  employ- 

ment equal t o  employment a t t r ibutable t o  exports, domestic Investment and 

consumptfon, these component employment figures must Include ind i rect  as 

well as d i rec t  employment. A l l  production e m  be at t r ibuted t o  consumption 

plus mu l t i p l i e r  investnent by excluding these sectors from the processing 

sector, hence from the correspondlng Inverse output matrix. The use o f  

l i nea r  homogenesus sector output-employment functions then at t r ibutes a l l  

regional employment t o  the l inked production values so that  N = Nc + Nd .+ 

Ne, Performing t h l s  on the S t .  Louis data produces 

(trade) C 556,275 6,818,772 (sdQL83.fz .p ~p-)=l.% 
6,818,772 4,856,299 74,659 2 3,133 2 3,133 
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These smaller mu l t i p l i e r  values re f l ec t  the i n te r f i rm  linkage i n  S t .  Louis 

causing indirect  export employment to be over one-third o f  direct. The 

range on the to ta l / l inked export employment sector ra t i os  f o r  the trade 

de f in i t ions  was from 1.01 t o  nfne and from .01 to  ten f o r  the inclusive. 

S l i gh t l y  more than --thirds o f  the ratios o f  each set f e l l  w i th in  a range 

of one t o  tw. 

The truncated inputdutput  estimator o f  ind i rect  export employment 

(b') (A) (e) discussed i n  connection wtth the approximate survey estimator 

was implemented, using the St. Louis data. The resul t ing estimates were 
f i  

(trade) N/Ne = 556,275/264,027 Y 2.11 

(inclusive) W / N ,  = 696,283/305,655 = 2.28 
A 

The r a t i o  o f  the truncated esttmate o f  indirect  export employment t o  the 

exhaustive estimate f o r  the trade and Inclusive de f in i t ions  o f  exports was 

.74 and .75 respectively. 

mates fo r  each o f  the twenty-odd processing industr ies were also computed to  

tes t  f o r  sector unl formity o f  the approximations. 

varied from 65 t o  92 per cent wi th  approximately h a l f  o f  them f a l l i n g  outside 

the range 70 t o  80 f o r  both the trade and inclusive sets. Th is  1s in ter -  

preted as a re ject ion o f  a uniform approximation (covergence) hypothesis. 

The r a t i o  o f  the truncated t o  the exhaustive e s t i -  

The sector proportions 

A t  

hst, a.L- ..-?C-r.l. 

estimator i s  that  

mation to  the des 

the sector dispar 

bl lU U I 8  I 8 U 8  *IS t.; o f  the approximate survey ind i rect  export employment 

apparent In the truncation o f  the power series approxi- 

red fnverse matrix o f  output coeff ic ients.  The reason f o r  

t y  o f  the estimator can be appreciated by considering the 
* 

sum of the geometric series r + r2 + r3 + ... with zero less than r, r less 

than 1, Let t ing r equal .4 and .6, for example, i t  i s  observed that the 

r a t i o  o f  r t o  the sum of i t s  corresponding series i s  .6 and .4, respectively. 
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The investment and export income mul t lp l ie rs  have been suggested as 

estimators of the 1 inked investment and export employment mu1 t i p 1  iers. u/ 
Corresponding t o  the l inear  homogeneous estimator the income mu l t i p l i e rs  are 

Y / I  atld Y/E. The 1 and E components of  Y have been measured i n  terns of  

producers prices, 

added f o r  example. 

They could be measured i n  other monetary terms, value- 

Accordingly appropriate value-added aggregates were 

approximated by computing the sum of the household and government row inputs 

corresponding t o  the same l inked production values used to  compute l inked 

export and d m s t i c  investment employment. The mu l t i p l i e r  estimates are: 

Investment N/N Yv-a/lv-a Y/ I 

(trade) 1.55 1.48 1.40 
( i nc 1 us i ve) 1.63 1.50 1.45 

Export N/N 
- .  r .e Y ..v-a/ /E v-a Y/E 

1 

(trade) 1.96 1 I88 1.71 
( nc 1 us ive) 2.13 1.93 1.78 

The export enployment mu l t ip l ie rs  are greater than the investment because 

the domestic investment which is assumed t o  accompany exports converts i n to  

investment employment, but not export. A l l  the do l l a r  ra t i os  are s l i g h t l y  

lower than the i r  corresponding employment rat ios. The estimates are in ter -  

preted, however, as not re ject ing the hypothesis that  t o t a l  employment, l inked 

investment and export employment are propozt!ma? t= therr trrrrsspondlng 

l inked value-added aggregates. 

the value-added ratios, are understated because the heavi ly consumer oriented 

The revenue rat ios,  which are smaller than 

sales o f  the large trade sector were recorded I n  the transactions matrix in  

terms o f  trade margins rather than prices. The Inclusive total/export revenue 

19. See. Hansen, A. H. A Gufde t o  Keynes. HcGtaw-Hi11 Book Co., Inc. 
New York, N. Y. 1953. p. 757 and F o x ,  Karl. 'The Study of Interactions 
Between Agrtcul ture a d  the Nonfarm Economy: 
Journal o f  Farm Economics, Vol. 44, No. 1, Feb., 1962, p. 23. 

Local, Regional and National." 
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ratio i s  also understated because of the previously mentioned inclusion o f  

government transfer payments in exports. A hypothesis of proportionality 

of total and linked investment and export empioyment to the corresponding 

direct producers revenue is not considered to be tested by these estimates 

because o f  the indicated nonconformltles of the data. The estimates are 

regarded as suggesting that such a hypothesis has promise. 
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l -  

Summary and Conclusions 

This has been an examination of estimators o f  the regional aggregate 

export employment multiplier corresponding to the coefficients In three 

simple linear regressions of total employment on export employment. 

structural relations underlying the reduced forms, which are the total 

employment-export employment-regression equations, have been demonstrated. 

The 

The regression coefficient estfmators correspond to input-output employment 

multipliers which can be condensed to one number because the sector dis- 

tribution of final demand and its export and domestic components are assumed 

to change only by a scalar and the sector output-employment functions are 

assumed to be linear. The assumptlon of a constancy of the change in 

endogenous domestic investment to that in exogenous exports constitutes a 

comparative statics aggregatlve domestic capital formation sub-model. As 

has been Indicated by others, the export employment multiplier model to 

which the three estimators conform assumes that there i s  no feedback of 

regional imports upon regional exports. E/ A more inclusive definition 

of exports than the usual trade composition has been advanced to strengthen 

Its designation as the sale exogenous variable determining changeg In total 

employment. Any rigorous empirical implementation o f  that definition would 

~ ! , w s t  ctrtz?n!.; !nue!ua mnre work than an aqgregate - _  llnear estimate of  the 

multiplier would be worth as a quantitative predictor. This Is because the 

enumerated assumptions which allow the input-output sector employment multi- 

pliers to be condensed to one number, coupled with the consumption and 

indirect production assumptions of the input-output estimator,are judged to 

be excessively rigid. 

estimate would hare somewhat greater value as an extrapolator than as a 

. 

A linear and homogeneous export employment multiplier 
* 

p red i c tor . 
20. Tlebout, C. H. 'Exports and Regional Economic Growth." The Journal of 
Pol itical Economy, Vol. 64, April, 1956, p. 162. 
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Estimates o f  the l inear  and homoge-eous iwestment and export l inked 

enploymeht mul t ip l iers  using input-output data f o r  St,  Louis are judged t o  

not re ject  the t-ypothesis o f  equali ty wi th t h e i r  correspolldir?g income m u l t i -  

p l i e r  estimates, 

employme-!t ra t i os  presebted f o r  that  region was from 2.0 to  3.1. 

val  would probably cover the majority of aggregate export employmeat mult i -  

p l i e r  estimates that have been published f o r  regions i n  the United States. 

The range on the various t o t a l  t o  l i t * ked  atid uallnked export 

This Inter-  

There are several conceptual types o f  t o t a l  employment f o r  a region and 

even more types o f  export employmerlt. Employment i n  a region i s  superior t o  

employed residerits f o r  purposes o f  ideqt i fy ing export employme7t because 

exports have been defined i n  terms o f  the dispositton o f  regiorlal output. 

The tdent l f icat ion o f  exporters ar?d the i r  export employment is judged t o  y i e l d  

more information about a region than an aggregate l i ! iear export employment 

m u l t i p l i e r  estimate, 

export production o r  that  d i r e c t l y  and iqd i rec t l y  connected. The survey 

estimator of d l rect  export employmeot, on a physical establishment basis t o  

reduce ve r t i ca l  integration effects, i s  recomnended. The approximate survey 

estlmator of ind i rect  export employment Is not recomnended because i t  has 

been indicated t o  be susceptible to serious capi ta l  formation and sectoral 

ra te  of convergence e i i = G i S ,  The ?nput-output esttmator o f  indirect  export 

employmnt is recomnended, of course. 

export employment remains emplr ical ly untested, but the rea l izat ion o f  i t s  

assumptions f o r  an urban region appears dubious. 

such tests t o  indicate sensi t iv l ty ,  I t s  use i s  not recommended. 

Export employment may be that d i r e c t l y  connected wi th  

The proxy esttmator o f  net l inked 

Pending the outcome o f  


